INTRODUCTION
In order to preserve infrastructure and keep commercial motor vehicles (CMVs) moving efficiently, states must comply with federal size and weight standards which are certified by the Federal Highway Administration. In the state of Tennessee, interstate vehicles are allowed to weigh up to 80,000 lb. gross, with single axles supporting a maximum of 20,000 lb., tandem axles supporting 34,000 lb., and tri-axles supporting up to 54,000 lb. without a permit. Permitted loads are allowed for well over 100,000 lb. gross vehicle weight based on the number of axles and permit type, with up to 40,000 lb. and 60,000 lb. on tandem and tri-axle configurations respectively.
Typically, CMVs that enter the inspection station (IS) and are overweight on one or more axles, are above their allowed gross vehicle weight, or are permitted do not receive a North American Standard (NAS) Level I (full vehicle and driver) or Level II (driver and vehicle walk-around) safety inspection. This is due, in part, to the fact that in many cases overweight vehicles are also oversized and/or on specialized trailers that are not practically accessible for inspection, and many states combine the overweight assessment with an NAS Level III (driver only inspection). Because of this very little is known about the safety of the CMV operating at a weight above the legal limit.
DATA COLLECTION
The main focus of this effort was to provide the Federal Motor Carrier Safety Administration (FMCSA) with current information about the number and type of oversized and overweight vehicles to develop strategies for future research efforts. Data was collected at the Knox County, Tennessee and Greene County, Tennessee ISs within the Commercial Motor Vehicle Roadside Technology Corridor (CMVRTC) for a period of one month. The Greene County IS collected data for the entire month on regular, short-term shifts, while the Knox County IS collected data during two 24 to 48 hour long intervals.
During this time, enforcement personnel were asked to collect data on vehicles with loads that fell into the following categories: oversized (large loads), overweight gross, overweight on an axle, and permitted. NAS inspections (driver or vehicle) were not required during this effort, but some inspections were performed as part of the IS's normal operation.
The Oak Ridge National Laboratory (ORNL) developed a web-based form for enforcement personnel to enter vehicle and weight information in order to reduce the amount of paperwork handled and to reduce the amount of time analyzing the data. A screenshot of this form is shown in Figure 1 . Electronic inspection data from the submitted Aspen reports were received from Tennessee Highway Patrol without personal driver information (name, date of birth, license number etc.). The weight data collected from the Knox County IS did not have weight measurements for all the CMVs due to roadside hardware prohibiting oversized and most permitted vehicles from being weighed. In cases where no weight data was available, all other information was still received by ORNL.
DATA ANALYSIS
The data collected at the two ISs was inherently different due to the layouts of the individual stations. The Knox County IS does not have sufficient clearance on the pit scale to weigh oversized loads that come into the station; thus, weight information was not available for oversized vehicles. Table 1 shows the total number of CMVs that were recorded at both Greene and Knox County ISs during the assessment. As shown in the table, the majority of the vehicles recorded had five axles, and over half of the recorded vehicles had permits to operate over the legal weight limit in Tennessee. 
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To accurately present the overweight vehicle data, the 54 CMVs could not be weighed at the Knox County IS were removed, and only weighed vehicles were used in the weight analysis calculations. Table  1 shows general information about the CMVs weighed at both the Knox and Greene County ISs during the assessment; this data is separated into groups based on the number of axles the CMV had. It is clear that the majority of the overweight and oversized vehicles that came into the IS were five-axle CMVs.
Also, vehicles with more than five axles typically had a permit that would allow them to carry more than 80,000 lbs. of gross weight and the full 20,000 lbs. per axle. Also, it can be seen that not many vehicles were overweight gross (16.8%), but rather were overweight on an axle group (54.1%) instead, which is usually the result of poor load placement. Vehicles which are overweight gross are considered overweight because the gross vehicle weight is above the legal limit specified by the state, or above the permitted weight if the CMV is permitted. The specific axle group that is overweight is important in determining whether a given violation (such as over-worn brakes or low tire) is in some way related to that overweight violation. As shown in Table 3 , overweight axle groups tend to occur mostly on the trailer tandems, which are typically the last set of axles on five-axle CMVs. This is most likely due to load placement or improper adjustment of the trailer tandems location. Because of the likelihood of the weight being the highest on this axle group, it is also likely that one would find possible brake violations or worn tires on this axle group. *Vehicles that were overweight on the drive axle had either a single or a tandem axle. Single axles that were considered to be the drive axle (usually second axle) were listed in the drive axle category and not the single axle category. Axles in the single axle category were all trailer axles. Figure 2 shows the distribution of gross vehicle weights of both permitted and non-permitted CMVs weighed during the assessment. Most of the vehicles were in the 75,000 lb. to 82,500 lb. gross weight range. A fair number of vehicles were also in the 105,000 lb. to 112,000 lb. range as well, and accounted for the majority of the six-and seven-axle vehicles recorded. It is clear that the majority of the vehicles that were over 80,000 lb. (160 of 205 CMVs) were permitted as required by law.
Figure 2. Distribution of gross vehicle weight.
The amount of weight over the allowable axle rating is also important. A CMV which is a few hundred pounds overweight does not pose as significant a safety risk as one which is a few thousand pounds overweight. Figure 3 shows the range and frequency of weights by which axles exceeded the allowed weights. The majority of these weights were below 3,000 lbs., with the average overweight amount being nearly 2,000 lbs. In most cases 2,000 lbs. represents 6% above the allowable weight of 34,000 lbs. on a tandem set of axles. 
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The type of trailer is the main reason that overweight and oversized vehicles cannot be inspected. Many oversized loads are on trailers which do not allow enforcement personnel to safely get under them to conduct an inspection. The Greene County IS has an inspection pit which allows some of these lowclearance trailers to be inspected. Table 4 shows the types of trailers that were seen throughout the assessment. The Other category includes trailer types that were observed infrequently, including cattle haulers. Specialty trailers are trailers that are designed for special equipment to be hauled (such as very large equipment or machines). Total 435 Figure 4 shows the distribution of the trailer types observed in this study. Only about half of the trailers encountered in this study could be easily inspected (box, flatbed, tank). Overall there were 435 vehicles recorded within the CMVRTC. While not required for the purposes of this research, 172 of these vehicles were given an NAS inspection of some type. Table 5 shows the number of CMVs recorded and inspected at each IS.
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7% 7% 12% 18% 22% 39.5% Figure 5 shows the types of inspections performed on the vehicles recorded at the ISs. This figure shows that while the inspections were not mandatory, the large majority of the CMVs were only given a Level III (driver) inspection instead of a Level I (vehicle and driver) or Level II (vehicle only) inspection, which is similar to how inspections of overweight vehicles are handled currently at ISs. The Unknown category represents inspection numbers that were not able to generate an electronic report because of an invalid number or the inspection was not uploaded. Although the inspection type is not known, it is likely that they were Level III inspections as well. Table 6 shows the respective OOS rates for each type of inspection. While the number of CMVs given a Level I inspection was low (not statistically significant), the OOS rate for the percentage of vehicles placed OOS was very high. The Level II inspections given during this research also resulted in a high OOS rate compared to the observed Level III OOS rate of 6.7%. Overall, the OOS rate was only 18.6% which is below the national average of about 22%. If driver-only inspections were removed, the OOS rate would be 52.4% combined for Level I and Level II inspections. Table 7 , Table 8 , and Table 9 show the vehicle violations found during the 42 vehicle inspections performed. 
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Figure 5. Types of NAS Inspections Performed
CONCLUSIONS
The overweight vehicle assessment provided useful information regarding the typical stream of overweight vehicles that enter ISs. Only 16.8% of the CMVs (11.5% of permitted CMVs) weighed were overweight gross, which was substantially lower than the 54.1% of vehicles that were overweight on an axle group. Axles that were overweight on an axle group were on average 2,000 lb. above the legal limit. Over half of the vehicles that are overweight or oversized were found to be five-axle combination vehicles; of those, most were found to be overweight on the trailer tandem axles. Of the vehicles over 80,000 lb., only 45 were without a permit (meaning they were operating outside the legal limit).
The data collected suggests why overweight vehicles are not normally given Level I inspections. Of the 172 NAS inspections performed during the assessment, only 25% of them were Level I or II vehicle inspections. Not only is there a general safety concern when getting under overweight vehicles that may or may not be defective , but this study also showed that nearly half of these vehicles had a trailer with an extremely low clearance, making it impossible for enforcement personnel to inspect components under the vehicle, such as brakes, without the use of an inspection pit. Overall, the OOS rate for all inspections (driver and vehicle) was 18.6% which is below the national average of about 22%. Of the vehicles that were given a Level I or II inspection, the OOS rate was high at 52.4% which shows the potential safety benefit to giving either a Level I or Level II inspection to overweight vehicles.
FUTURE WORK
This assessment serves as a precursor to additional work involving overweight vehicles for FMCSA. In the next step of this work, overweight combination vehicles will be given an NAS Level I inspection, and data involving brake and weight correlations will be collected. Also, there is a desire to expand this work to other states to get a better representation of overweight vehicles across the country. In all future work, it would be beneficial to disable any preclearance technologies in order to get a better representation of the overweight vehicles on the mainline. 
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